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(54) Chemicai reactor 

(57) A chemical reactor for catalytic reactions, com- . 
prises a substantially cylindrical shell (2) closed at the 
opposite ends by respective covers (3 and 4), at least 
one reaction zone (7, 8) in which a respective catalytic 
bed (9, 10) and a plurality of heat exchangers (25) 
placed in said at least one reaction zone (7, 8) are sup- 
ported, 
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Description 

Field of application 

[0001] The present invention refers to a chemical re- 
actor for catalytic reactions. 

[0002] In particular, the present Invention relates to a 
chemical reactor of the type comprising a substantially 
cylindrical shell closed at the opposite ends by respec- 
tive covers, a reaction zone defined within said shell in 
which at least one catalytic bed is supported. 
[0003] More in particular, the present invention is con- 
cerned with a chemical reactor of the above-identified 
type wherein the said at least one catalytic bed is of the 
"pseudo-isothermal" type, i.e. wherein the reaction tem- 
perature is controlled within a limited range of values 
around a predetermined optimal value. 

Prior Art 

[0004] As is known, in the field of catalytic reactions, 
the requirements of increasing the production capacity 
and reaction yield and, at the same time, reducing the 
energy consumption as well as the installation and op- 
erating costs of the chemical reactors designed for car- 
rying out said catalytic reactions, are more and more felt. 
[0005] To this aim, in the prior art, many type and con- 
figuration of pseudo-isothermal chemical reactors have 
been proposed. 

[0006] With the term "pseudo-isothermal reactors" we 
mean to identify reactors for chemical reactions in which 
the reaction temperature in the reaction zone is control- 
led within a limited range of values around a predeter- 
mined optimal value by means of heat exchange ele- 
ments such as tube heat exchangers or plate heat ex- 
changers. 

[0007] However, although advantageous in same as- 
pects, none of the reactors according to the prior art is 
capable of fulfilling both requirements at the same. 
[0008] In fact, when they are particulariy suited for 
high production capacity and reaction yield, they have 
usually the drawbacks of being constructively complex 
and requiring high energy consumption as well as high 
operation and maintenance costs, and vice versa. 

Summary of the invention 

[0009] The technical problem underiying the present 

invention is that of providing a chemical reactor of the 
aforementioned type having structural and functional 
characteristics such as to allow high production capacity 
and conversion yield and at the same time requiring low 
energy consumptions as well as low installation and op- 
erating costs. 

[0010] The aforementioned technical problem is 
solved by a chemical reactor for catalytic reactions as 
described and claimed in the attached claims. 
[001 1 ] Further characteristics and advantages of the 
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invention will become clearer from the detailed descrip- 
tion of an embodiment of a chemical reactor according 
to the invention, given hereafter with reference to the 
attached drawings, for indicative and non-limiting pur- 
5 poses. 

Brief description of the figures 

[0012] 

Figure 1 schematically shows a section view of a 
chemical reactor according to a preferred embodi- 
ment of the present invention; 

Figures 2 and 3 each schematically show a cross 
section view of the reactor of figure 1 , taken along 
broken lines B-B and C-C, respectively 

Detailed description of a preferred embodiment of the 
invention 

[0013] With reference to figure 1, a pseudo-isother- 
mal chemical reactor, with vertical axis A-A, is globally 
and schematically indicated with 1 , generally used for 
carrying out chemical reactions activated by the pres- 
ence of a catalyst, in this specific (but not limiting) case 
for ammonia, methanol or formaldehyde synthesis. 
[0014] Said reactor 1 comprises a cylindrical shell 2 
and opposite covers, lower 3 and upper 4. The upper 
cover 4 is equipped with three openings 5, 5' and 5" for 
the input of reactants, whereas the lower cover 3 is 
equipped with an opening 6 for the discharge of the re- 
action products. 

[0015] According to first aspect of the present inven- 
tion, said shell 2 comprises two reaction zones 7 and 8, 
in which respective catalytic beds 9 and 1 0 are support- 
ed, Intended for being filled with the appropriate catalyst 
(not shown). 

[0016] The upper catalytic bed 9 is open at the top 
and defined between an upper line 11 and a lower, per- 
forated, bottom 12, so as to allow the axial passage of 
the reactants through the catalytic bed 9. 
[001 7] The lower catalytic bed 1 0 is bound, along the 
direction parallel to the axis A-A, by walls 13 and 14, 
inner and outer respectively, of a substantially annular 
cylindrical basket 1 5 which are perforated so as to allow 
the radial passage of the reactants through the catalytic 
bed 10. 

[0018] The lower catalytic bed 10 is open at the top 
and defined between an upper line 16 and a lower line 
1 7. Below line 1 7, within the cover 3, a space 1 8 is pro- 
vided, intended for being filled with an appropriate gran- 
ular layer of inert material (not shown) to support the 
catalyst in the catalyst bed 10. 

[0019] Between said basket 15 and the shell 2 there 
is a gap 19 for the distribution of the reactants inside the 
catalytic bed 10. Such a gap 19 and the top portion of 
the catalytic bed 10 (line 16) are in communication with 
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the catalytic bed 9 through the perforated bottom 1 2 and 
a collection chamber 20 that collects the reactant/prod- 
uct mixture coming out from the catalytic bed 9. 
[0020] Between said basket 15 and the axis A-A of 
the shell 2 there Is a collection chamber 21 that collects 
the product stream coming out from the catalytic bed 1 0, 
in fluid communication with the outlet opening 6 of cover 
3 through a discharge duct 22. 

[0021] Both catalytic beds 9 and 10 are supported 
within the shell in a per se known way and therefore not 
described in further details in the following of the de- 
scription. 

[0022] Advantageously, discharge openings 23 and 
24 are provided in a middle and lower portion of shell 2 
for discharging the catalyst contained in catalytic beds 
9 and 10, respectively. 

[0023] According to a further aspect of the present in- 
vention, in the catalytic beds 9 and 10a plurality of heat 
exchangers 25 is immersed and supported. Preferably, 
said heat exchangers 25 are plate-shaped, rectangular 
and box-like. These plate heat exchangers generally 
comprise a pair of juxtaposed metallic plates, mutually 
adjoined in a predetermined spaced relationship by 
welds so as to define between them a gap of predeter- 
mined width for the flowing of an operating heat ex- 
change fluid. 

[0024] Preferably, the exchangers 25 are arranged ra- 
dially with long sides 26 parallel to the axis A-A of the 
shell 2 itself. Still preferably, the exchangers 25 have 
cross dimensions smaller than those of openings such 
as manhole openings (perse conventional and thus non 
shown) generally present in the lower and/or upper cov- 
er of the reactor So doing it is advantageously possible 
to exploit these openings, which have a cross section 
much smaller that the shell diameter, to install within or 
to dismantle from the catalytic beds the exchangers 25, 
as well as for carrying out maintenance operations of 
the same. 

[0025] Advantageously, said heat exchangers 25 are 
arranged (grouped), according to a non-limiting embod- 
iment, on many concentric rows (two in the example), 
coaxial with said shell 2 (see figures 2 and 3), so as to 
form independent heat exchanger units of annular con- 
figuration, arranged in series and/or in parallel one with 
respect to the other as will be described in more details 
in the following description. 

[0026] Each exchanger 25 comprises an inlet connec- 
tor 27 and an outlet connector 28 for the operating heat 
exchange fluid. 

[0027] Said connectors are positioned on opposite 
short sides of said exchangers 25. 
[0028] In particular, the heat exchangers 25 arranged 
in the upper catalytic bed 9 are in fluid communication 
with inlet openings 5 and 5* through tubular fittings 29 
and connectors 27. On the opposite side, these ex- 
changers 25 are in fluid communication with the inlet of 
the catalyst bed 9 (line 11), through connectors 28, tu- 
bular fittings 30, a central 31 and a collecting chamber 
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32. 

[0029] The central duct 31 is cylindrical and coaxial 
with said shell 2 and extends through the upper catalytic 
bed 9. It is closed at the bottom by a non-perforated bot- 

5 torn plate 33 and is in fluid communication with the col- 
lection chamber 32 through a perforated upper plate 34. 
[0030] Preferably, the central duct 31 is also in fluid 
communication with inlet opening 5," for the additional 
input of reactant gases, by means of a connecting duct 

10 35 passing through the perforated upper plate 34. 

[0031] On the contrary, the heat exchangers 25 ar- 
ranged in the lower catalytic bed 1 0 are in fluid commu- 
nication with inlet and outlet openings for the operating 
heat exchange fluid supported in the bottom cover 3. In 

*5 this respect, bottom cover 3 comprises inlet openings 
36 and 37 and outlet openings 38 for operating heat ex- 
change fluid. 

[0032] The bottom side of exchangers 25 in catalytic 
bed 10, are then in fluid communication with inlet open- 

20 ings 36 and 37 trough connectors 27 and tubular fittings 
39. These exchangers are also in fluid communication 
with the outlet openings 38 through connectors 28 and 
tubular fittings 40. Moreover, according to a particular 
advantageous feature of the present invention, ex- 

25 changers 25 in catalytic bed 1 0 are in fluid communica- 
tion among them through connectors 27 and 28 and tu- 
bular fittings 41 . 

[0033] In the example shown in figures 1-3, in each 
catalytic bed 9 and 10, two independent units U1 and 

30 U2 of heat exchangers 25 are defined. In the upper bed 
9, the units are connected in parallel, while in the lower 
bed 10 the units are connected in series. 
[0034] According to a further preferred aspect of the 
present invention, the heat exchangers 25 do not extend 

35 within catalytic beds 9 and 1 0 for all their axial lengths, 
and advantageously an upper portion 42 of the beds 9 
and 10 is of adiabatic type, i.e. free of heat exchange 
elements. 

[0035] With reference to the aforementioned appara- 
40 tus, a flow of reactants Is continuously fed to the reactor 
1 through the openings 5, 5' and 5". 
[0036] Such a flow is contemporaneously fed, through 
tubular fittings 29 and connectors 27, to the inside of the 
heat exchangers 25, of both units U1 and U2, arranged 
45 in the upper catalytic bed 9, where it exchanges heat 
with the first reaction zone 7. 

[0037] Inside said exchangers 25, the flow of reac- 
tants has the function of (first) operating heat exchange 

fluid. 

50 [0038] At the outlet of the heat exchangers 25, the 
flow of reactants is extracted thereto trough connectors 
28 and tubular fittings 30 and is sent into the central duct 
31. 

[0039] The central duct 31 is also fed with an addition- 
's al flow of "fresh" reactants coming from opening 
5" through duct 35, which mix up with the flow of reac- 
tants coming from exchangers 25, and carries the whole 
reactant flow up to the collecting chamber 32 from which 
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it flows down through the catalytic bed 9 in a substantial 
axial direction, where it partially reacts. 
[0040] The reactant/product mixture coming out from 
the reaction zone 7, trough the perforated bottom 1 2, Is 
collected in the collection chamber 20, from which, axi- 
ally (through line 16) and radially (through the gap 19), 
it is distributed inside the second reaction zone 8. 
[0041 ] In the second reaction zone 8, which is crossed 
by the reactant/product mixture in axial/radial direction, 
the reaction is completed. 

[0042] At the outlet from the second reaction zone 8, 
the products flow into the collection chamber 21 , from 
which they are conveyed to the outlet opening 6 through 
the discharge duct 22. 

[0043] The temperature control within the second re- 
action zone 9 is obtained making a second operating 
heat exchange fluid, such as water, boiling water or 
melted salts and the like, to flow within the heat ex- 
changers 25 arranged in the lower catalytic bed 10. In 
this case, heat Is exchanged between the reaction zone 
8 and the second operating heat exchange fluid, which 
is first fed - through openings 36, tubular fittings 39 and 
connectors 27 - to the exchangers 25 of the outer unit 
U2. From these exchangers, the second operating heat 
exchange fluid is further fed to the exchangers 25 of the 
inner unit U1 through connectors 28, tubular fittings 41 
and connectors 27. Finally, the second operating heat 
exchange fluid is extracted from unit U2 of exchangers 
25 through connectors 28, tubularfittings 40 and the out- 
let openings 38. 

[0044] In this respect, it should be noted that accord- 
ing to a further preferred embodiment of the invention, 
a portion of the second operating heat exchange fluid is 
directly fed to the exchangers 25 of the inner unit U1 , 
where it mix up with the fluid coming form the exchang- 
ers of the outer unit U2, through opening 37 and tubular 
fittings 39. 

[0045] From the above description, it is clear that units 
U1 and U2 of exchangers 25 in the first reaction zone 7 
are advantageously operated in parallel, while units U1 
and U2 in the second reaction zone 8 are advanta- 
geously operated in series. Moreover, both catalytic 
beds 9 and 10 are substantially of the "pseudo-isother- 
mal" type, with a minor top portion 42 thereof of the ad- 
iabatlc type, i.e. free of heat exchange elements and 
thus operated without temperature control. 
[0046] Under certain specific circumstances, an addi- 
tional appropriate catalytic bed (not shown) can be pro- 
vided within shell 2, which is completely of the adiabatic 
type. 

[0047] The reactor according to the present invention 
can be designed ex novo or can consist of an already 
existing pseudo-isothermal reactor, that has been re- 
covered upon removal of the internal equipment (re- 
vamping of a reactor intended for being scrapped). Or, 
the same can consist of an already existing adiabatic 
reactor, which also has been freed of the Internal equip- 
ment (transfonnation of a reactor from adiabatic to pseu- 



do-Isothermal). 

[0048] Thanks to the configuration described above, 
It is possible to obtain a chemical reactor capable of en- 
suring a high production capacity and reaction yield and 

5 at the same time which is simple to manufacture, can 
be operated with low energy consumptions and does not 
require high Installation and operating costs. 
[0049] The presence of catalytic beds crossed by the 
reactant gases in a substantial axial and axial/radial di- 

10 rection, respectively, allows to improve the heat transfer 
efficiency and to better control the gas pressure drop so 
as to achieve the above advantages. 
[0050] The presence of a single reactor shell allows 
to reduce the installation costs and the structural com- 

15 plexity of the equipment. 

[0051] Moreover, the use of different operating heat 
exchange fluids within such a single reactor shell, as 
proposed in the present invention, allows to further In- 
crease the conversion yield of the reaction (due to a bet- 

20 ter control of the reaction temperature) and to Improve 
the heat recovery thus reducing the energy consump- 
tion. 

[0052] Although the reactor shown in figures 1 -3 can 
be considered as a preferred embodiment of the inven- 
ts tion, the latter is susceptible to further embodiments and 
modifications to solve the above-identified technical 
problem, which are all covered by the scope of protec- 
tion as defined in the attached claims. 
[0053] In particular, according to a further embodi- 
30 ment of reactor 1 (not shown), the pseudo-lsothemrial 
catalytic bed 1 0 comprises units U1 and U2 of heat ex- 
changers 25, which are arranged in parallel and fed with 
two different, independent flows of operating heat ex- 
change fluids. To this aim, tubular fittings 41 are missing 
35 and the exchangers 25 of each unit are suitably con- 
nected to the respective external source of operating 
heat exchange fluid by corresponding connectors 27 
and 29 and tubularfittings 39, 40. Also in this case, one 
of the operating heat exchange fluid can advantageous- 
40 ly comprise reactant gases. 

[0054] Thanks to the reactor according to the present 
invention, it is possible to obtain a method for carrying 
out catalytic chemical reactions, for instance for the syn- 
thesis of ammonia, methanol orformaldehyde, compris- 
es ing the steps of feeding reactants to at least one reaction 
zone comprising a catalytic bed and a plurality of heat 
exchangers placed in said catalytic bed, said heat ex- 
changers being grouped into structurally independent 
heat exchange units, and feeding respective different 
50 operating heat exchange fluids to said heat exchange 
units for controlling the reaction temperature under 
pseudo-isothermal conditions. 



55 Claims 

1 . Chemical reactor for catalytic reactions, comprising 
a substantially cylindrical shell (2) closed at the op- 
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posite ends by respective covers (3 and 4), at least 
one reaction zone (7, 8) in which a respective cat- 
alytic bed (9, 10) and a plurality of heat exchangers 
(25) placed In said at least one reaction zone (7, 8) 
are supported, characterized in that said heat ex- 
changers (25) are grouped in structurally independ- 
ent heat exchange units (U1 , U2) and in the fact of 
comprising means (27, 29, 39) for feeding to said 
units (U1 , U2) respective flows of operating heat ex- 
change fluids. 

2. Reactor according to claim 1 , characterized in that 
it comprises at least two reaction zones (7, 8), each 
supporting a respective catalytic bed (9, 10) and at 
least one heat exchange unit (U1, U2), and means 
(27, 29, 39) for feeding to said units (U1, U2) re- 
spective flows of operating heat exchange fluids. 

3. Reactor according to claim 1 , characterized in that 

at least one exchanger of said pluralities of heat ex- 
changers (25) is plate-shaped, rectangular and 
box-like. 

4. Reactor according to claim 3, characterized in that 
said exchangers (25) are arranged radially with long 
sides (26) parallel to an axis (A-A) of the shell (2). 

5. Reactor according to claim 3, characterized in that 
said exchangers (25) have cross dimensions small- 
er than those of openings, such as manhole open- 
ings, present in said lower and/or upper cover (3, 
4) of the reactor, which have a cross section much 
smaller that the diameter of said shell (2). 

6. Reactor according to claim 3, characterized in that 

said means (27, 29, 39) for feeding to said units (U1 , 
U2) respective flows of operating heat exchange 
fluids comprises inlet and outlet connectors (27, 28) 
connected to said heat exchangers (25) at opposite 
short sides thereof. 

7. Reactor according to claim 1 , characterized in that 
said heat exchangers (25) extend partially within 
the respective catalytic bed (9, 10). 

8. Reactor according to claim 1 , characterized In that 
said units (U1, U2) have an annular configuration 
and comprise a plurality of exchangers (25) ar- 
ranged on at least one concentric row coaxial with 

said shell (2) 

9. Reactor according to claim 8, characterized in that 
said units (U1 , U2) comprise two concentric rows of 
exchangers (25) coaxial with said shell (2) 

1 0. Reactor according to claim 1 , characterized in that 

said respective catalytic bed (9, 1 0) comprises at 
leas two units (U1 , U2) of heat exchangers (25) ar- 
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ranged in series and/or In parallel the ones with re- 
spect to the others. 

1 1 . Reactor according to claim 2, characterized in that 

5 it comprises un upper and a lower reactions zone 

(7, 8), each reaction zone supporting a respective 
catalytic bed (9,10) and a plurality of heat exchang- 
ers (25) grouped in two annular units (U1 , U2) co- 
axial with said shell (2), the annular units (U1, U2) 

10 in the upper reaction zone (7) being arranged in par- 
allel the one with respect to the other and the annu- 
lar units (U1, U2) in lower reaction zone (8) being 
arranged in series the one with respect to the other. 

IS 12. Reactor according to claim 11, characterized in 
that the respective catalytic bed (9) supported in the 
upper reaction zone (7) has a perforated bottom 
(12) to allow an axial crossing thereof by the reac- 
tant gases, while the respective catalytic bed (1 0) 
20 supported in the lower reaction zone (8) has perfo- 
rated side walls (13, 14) to allow a radial crossing 
thereof by the reactant gases. 

13. Reactor according to claim 2, characterized in that 
25 said shell comprises at least two catalyst discharg- 
ing openings (23) in communication with said re- 
spective catalytic beds (9, 10). 

14. Method for carrying out catalytic chemical reac- 
30 tions, comprising the steps of: 

feeding reactants to at least one reaction zone 
of a chemical reactor comprising a catalytic bed 
and a plurality of heat exchangers placed in 
35 said catalytic bed, said heat exchangers being 

grouped into structurally Independent heat ex- 
change units; and 

feeding respective different operating heat ex- 
^0 change fluids to said heat exchange units for 

controlling the reaction temperature under 
pseudo-isothemnal conditions. 

15. Method according to claim 14, characterized In 
45 that said different operating heat exchange fluids 

are chosen among the group comprising: reactant 
gases, water, boiling water or melted salts. 
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